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I. Introduction

This report describes the results obtained in the period
from December 1, 1985 to HNovember 30, 1986 for the research
program currently supported by the NASA under Grant No. NAGW-661.
In this program, the reaction rate constants of HO2+03 were
measured at various temperatures using a new developed HO2
detection method. HO2 was detected by the OH(A-X) emission
produced from photodissociative excitation of HO2 at 147 nm. In
order to examine the poassible interference of other emitting
gpeciea with the HO2 detection, the photoexcitation processes of
all the chemical species existing in the discharge-flow tube were
also investigated in thigs program. The research resulte are

summarized below.

II. Research Accomplighed

A. Reaction Rate Constants of HO2>+03 at 280-365 K

The reaction rate constant of HO2+03 at room temperature was
meagured for which the result wvas described in detail in a paper
attached as Appendix A. The measurement was extended to other
temperatures in the range of 280-365 K. The result is shown in
Fig. 1. Our result is slightly lower than the recent measurement
of Howard and Sinha (reported in the Proceedings of the CMA
Sponsored Meeting on Stratrospheric Chemistry), which is also
shown in Fig. 1 for comparison. The reaction rate constants at
the temperatures lower than 280 K and higher than 365 K will be

measured in the next funding period.
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Fig. 1 The reaction rate constants of HO,+0O3. The dashed line
represents the data of Howard and Sinha.
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B. Emigsions from VUV Excitation of Cl»

| Cl2 was used 1in the experiment to produce Cl atom that
reacted with CH30H and 02 to form HO2. The fluorescence from VUV
excitation of Clz2 may affect the current measurement of HO2
concentration, thus, the information for +the VUV excitation
proceass of Cl2 is needed. The fluorescence from VUV excitation
of CL2 waes investigated using synchrotron radiation as a light
source. Our current result shows that the fluorescence cross
section of Clp at 147 nm is so small that the interference is
minimal. The result for the VUV excitation of Cl2 is described
in a paper attached as Appendix B.

C. Emisesiong from VUV Excitation of CoF3Cl

C2F3Cl was used in the experiment as an OH scavenger. The
emission from photodissociative excitation of this molecule may
affect the HO2 detection. Therefore, the VUV excitation process
of C2F3Cl was investigated and the result was described in detail
in a paper attached as Appendix C which was accepted for
publication in Chemical Physics.

C2F3C1 has a fluorescence cross section of 2.5x10°19 cm2 at
147 nm, which 1is in the =same order of magnitude as the
fluorescence cross section of HO2 of (0.5 - 1)x 10-19 cm2,, Thus,
the fluorescence from C2F3Cl has a potential to interfere with
the HO2 detection. The fluorescence from C2F3Cl was dispersed to
identify the emission systems to be CF2(A-X) and CFCl(A-X) which
are mainly in the 340-600 nm region. This fluorescence
vavelength is longer than that of the OH(A-X) system of 306-330

nm. Using a band-pass filter that tranemits 310 *+ 10 nm, the



fluorescence from C2F3Cl is esgsentially blocked, thus, its
ihterference with the HO2 detection ie minimal.

Combining the current results of Clp and C2F3Cl with our
previocus measurements on HCl, CH30H, CH20, 03, and C3Hg, it is
conclusive that the detection of HO2 by photofragment emission is
not seriously disturbed by other emissions poseibly produced by
VUV excitation of other moleculegs in the flow tube. The
applicability of the photofragment detection method to the rate

measurement for the HO2+03 reaction is thus established.
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CF2 and CFCl Fluorescence from VUV
Excitation of C2F3Cl

J. B. Nee 8), Xiuyan Wang, Masako Suto and L. C. Lee b?
Department of Electrical and Computer Engineering
San Diego State University
San Diego, California 92182

ABSTRACT

The photoexcitation process of C2F3Cl1 wmolecule was
investigated in the 106-230 nm region using synchrotron radiation
ag a 1light source. Photoabsorption and fluorescence crosas

sections were measgured and used to determine the fluorescence

quantum yield. Fluorescence yield starts to appear at 170 nm and
increages to about 2% at 155 nm. The fluorescence spectra were
dispersed to identify the emitting species. At the excitation

wavelength of 155 nm, the emission system is CFCl (141), and at
123.9 nm, both the CFz(x-i) and CFCl (Z-%) systems are observed.
The dissociation processes that produced these excited species

are discuased.

a) Present address: Dept. of Physics, National Central
University, Taiwan 32

b) algo, Department of Chemistry, San Diego State University
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I. INTRODUCTION

In a recent gtudy of reaction kinetice of HO02+03 by
detecting HO2 with photofragment emission 1in our laboratory,
emigsion from excitation of CoF3C1 at 147 nm was observed when it
vag introduced into the system as a scavenger for the OH radical
(1]. This motivated us to investigate +the photochemistry of
C2F3Cl in wvacuum ultraviolet (VUV) region in order to understand
the nature of the UV emission. The VUV absorption saspectrum of
C2F3Cl ig 1itself of interest in undersetanding the Rydberg states
of chlorofluorcethyleneas, vhich &ghow an absorption character
similar to that of ethylene. The photoexcitation process of
C2F3Cl is also intereating for the possible role it plays in
atmospheric chemistry, because it is a member of halocarbons and
releases F and Cl atoms into the atmosphere by solar radiation.

Photoexcitation of C2F3C1l may produce excited dihalogen
carbene radicale of CF2 and CFCl which are known to have strong
transitione in the ultraviolet (UV) region. These radicals can
be generated from F2C=CFCl by chemical reaction with oxygen atoms
(2,31, UV photolysis {4-61, and infrared multiphoton dissocia-
tion (71. The UV emission system of CF2(2181~§1A1) has been
extensively investigated [8,91; but, the CFC1 (AlA"-X1A’) system
has been studied only recently [7,101. Up-to-date information
regarding the photoabsorption process of C2F3Cl has been

summarized in & recent book by Robin (111,



11, EXPERIMENTAL

The synchrotron radiation experiment was carried out in the
electron storage ring at the University of Wisconsin. Experi-
mental details have been described in a previous publication
[121]. Synchrotron radiation was dispersed by a 1-m vacuum
monochromator before entering a gas cell. UV fluoreecence wvas
detected in the direction perpendicular to the light beam by an
EMI (9558QB) photomultiplier tube (PMT). Light source intensity
wag measured by another PMT attached to the end of +the gas cell.
The VUV 1light source was converted to UV 1light by sodium
salicylate coated outside a LiF window. The optical path length
for absorption wmeasurement was 39.1 cm. C2F3Cl was supplied by
Matheson with a purity better than 99.0%; no further purification
wag made.

The apparatus for dispersing the fluoresecence spectrum has
been described previously ([131. A pulsed discharge lamp
agssociated with a 1-m vacuum monochromator (McPherson 225) was
used as the light source. Fluorescence was dispersed by a 0.3-m
monochromator (McPherson 218) and detected by a PMT (EMI 9558QB).
Atomic emission lines of CIV at 155 nm and NV at 123.9 nm were
uged to excite C2F3Cl. A gated photon counting system was used
tao process the fluorescence signal.

III, RESULTS

The photoabsorption cross section of C2F3C1 at 106-225 nm

was measured. The absorbance 1ln(lo,/I) was linearly dependent on

C2F3Cl pressure up to 100 mtorr at 105-180 nm. In the 180-230 nm



region, C2F3Cl gas up to 10 torr was used because of weak
absorption. The absorption spectrum obtained at a resclution of
0.2 nm is shown 1in Figure 1, curve a. Experimental uncertainty
for the absBorption cross section is estimated to be within 10Y% of
the given value. Positions of the V - N transition [14] and the
Rydberg series assigned by Scott and Russel [15] are also
indicated in Figure 1.

The total fluorescence cross section measured simultaneously
with the absorption cross section is shown in Figure 1, curve b.
The fluorescence crogs eection was calibrated againat the
fluorescence of OH(A-X) from VUV photodissociation of H20 for
wvhich fluorescence cross section has been measured [(12]1. The PMT
responge was nearly constant i1in the 185-400 nm region and
decreased at the longer wavelength. Since the fluorescence is
easgentially in the UV region, the PMT response was not corrected
in the fluorescence cross section measurement.

The fluorescence quantum yield was determined as a ratio of
the fluorescence cross section to the absorption cross section.
The fluorescence quantum yield in the 106-170 nm region ia shown
in Figure 2. Experimental uncertainty for the fluorescence cross
section is estimated to be within 30% of the given value.

Fluorescence spectra from the photodissociation of C2F3Cl by
atomic lines from a discharge lamp are shown in Figures 3 and 4.
Figure 3a showe the dispersed emisgsion spectrum excited at 155
nm; Figure 3b shows the aspectrum when 1 atm of Ar was added for

the vibrational relaxation of excited species. When the



vibrational energy was relaxed, the emission shifted to red.
This spectrum ie ldentified as the CFC1l (Z;i) system by comparing
it with the laser-induced-fluoreecence spectrum ([71]. The
radiative lifetime of CFCl(xii) is 700 * 10 ns (7). Thus, at low
gas pressure, the quenching of the emission by parent molecule is
negligible.

The emission spectrum produced by photoexcitation of C2F3Cl
at 123.9 nm is shown in Figure 4. The long wavelength section of
this gpectrum ig similar to Figure 3a, but at wavelengthe shorter
than 350nm, the emission 1& mainly due to the CFz(X;i) gyaetem
{8,91. These emitting species may not be simultaneously produced
by =a single photodissociation procees such as, C2F3C1 —
CF2*+CFCl¥*, because this requires energy higher than 10 eV. The
photodissociative excitetion of C2F3Cl will be discussed later.

IV. DISCUSSION

A. Photoabeorption Spectrum

C2F3Cl, like other chlorofluorcethylenes, has an absorption
spectrum quite similar to that of ethylene [111]. The electronic
trangition of an electron excited from the 1 orbital of the C=C
bond (the ground state, N) to the 7 * orbital forms a triplet
state, T, and a singlet state, V. The electron may also be
excited to Rydberg states, R. The absorption spectra of
ethylene-type molecules have been extensively investigated in the
VUV region. The VUV excitation process is primarily due to the V
and R < N +transitions; howvever, the vibronic structures for

these molecules have not yet been thoroughly studied (111].



Scott and Russel [15] have aesigned two Rydberg states for
C2F3Cl among other chloroflucoroethylenes. The Rydberg series
converging to the firet ionization limit are shown in Figure 1.
Using photoelectron epectroscopy, Lake and Thompson [16]
determined the vertical ionization potential (traneition of
maximum probability) of C2F3Cl +to be 10.24 eV (121.1 nm), and
adiabatic ionization potential (transition to v’'=0 of the upper
state) to be 9.84 eV (126 nm). The excited states of C2F3Cl have
been compared with those of other halogenated-ethylenes by
electron-impact sapectroscopy (17, 181. The broad continuum
extending from about 140 nm to 225 nm is assigned to the V - N
transition overlapped with Rydberg states [15]. Thie continuum
ig sguperimposed with the vibrational s8tructure of the C=C
stretching mode.

B. Fluorescencea of CF2 and CFCl.

Energy thresholds for the photodigssociative excitation
procegas of C2F3Cl can be determined from the following heats of
formation: AH? = -120.8 + 1.1 keal/mol for C2F3Cl (191, -49 + 3
kcal/mol for CF2[20], and -2 + 7 kcal/mol for CFCl [20]. The
electronic energies for CF2(AlBy) and CFC1 (AlA") are 4.616 (8]

and 3.135 eV ({71, respectively. The energies required for

various procesges are as follows:

CaF3C1 - CF2(X) + CFC1(X) AH = 3.02 eV (1)
- CF2(X) + CFCL(A) 6.16 eV (2)
- CF2(A) + CFC1(X) 7.64 eV (3)
— CF2(A) + CFC1(RA) 10.77 eV (4)




The other radicalse such as C2F3 or C5F2Cl may not emit strongly,
because the fluorescence spectra shown in Figures 3 and 4 are
mainly from CF2 and CFCl.

The spectrum of quantum yield shows two broad peaks around
123 nm and 155 nm. Since the excitation of C2F3Cl at 155 nm
produces CFCl(:) only, the quantum yield in the 135-170 nm region
is presumably due to CFCl(x) only, while the second peak at 123
nm probably indicates the existence of a state producing CF2(X).
As shown in Figure 2, the threshold wavelength for the production
of CFCl(x3 ie at 170 nm (7.29 eV), and it is likely around 135 nm
(9.18 eV) for CFz(Ia. These fluorescence thresholds are much
higher than the thermochemical thresholde of processes (2) and
(3). Thuas, the vertical energies of the dissociative states that
produce CFz(:) and CFC1(23 are higher than the dissociation
thresholds.

The fluorescence quantum yield 18 determined from the
trangition probability for excitation to a repulsive state
(direct digesociation) or the interaction strength between a
discrete state and a dissociative state (predissociation). Since
the fluorescence quantum yielde for both the vibrational bands
and the absorption continuum in the 140-170 nm region are about
the same, the strength for producing the CFCl(A) by either direct
photodissociation process or predissociation process is about the
same. The peak for the spectrum of fluorescence yield can be
usgsed to determine the vertical energy of the dissociative astate

which is about 8.0 eV for CFCl(X) and about 10 eV for CF2(A).




For the 10 eV band, the peak wavelength of quantum yield may be
affected by the onset of ionization process. In generel, the
fluorescence quantum yield decreases at wavelengths shorter than
ionization 1limit.

The ghift of the CFCl emission spectrum to red when Ar is
added as shown in Figures 3a and 3b indicates that CFCl(23 is
vibrationally excited. Based on the threshold energy of process
(2), an excess energy of 1.84 eV is available. This excess
energy 18 encugh to excite the wmolecule into high vibrational
quantum numbers which can be calculated from the spectroacopic
data (6,9). Howvever, the vibrational spectrum shown in Figure 3
ig very complicated, it i1is difficult +to assign vibrational
levels.

V. CONCLUSION

The photoabsorption and <fluorescence cross sgections of
C2F3Cl have been measured in the 106-230 nm region. Fluorescence
spectra have been dispersed and identified +to be the CFz(XlBl—
%1A1) and CFCl(xlA';ilA') systems. The spectrum of fluorescence
quantum yield =showe two dissociative &states. The threshold
wavelengthes for producing CFCl(Z) and CF2(X3 vere determined to
be 170 and 135 nm, respectively.

ACKNOWLEDGEMENT

We wish to thank M. J. Mitchell, W. C. Wang, and C. Ye in
our laboratory for useful discussion and euggestions. The
synchrotron radiation facility at the University of Wisconsin is

supported by the NSF under Grant No. DMR-44-21888. Thieg material



is based on the work supported by the NSF under Grant No. ATNM-

8412618 and the NASA under Grant No. NAGW-661.



- ?

1.

10.

11.

12.

13.

14.

15.

REFERENCES

E. R. Manzanares, M. Suto, L. C. Lee and D. Coffey Jr., J.
Chem. Phys. 1in press. |

H. Meunier, J. R. Durdy, and B. A. Thrush, J. C. S. Faraday
II, 76 (1980) 1304.

F. J. Comes and D. A. Ramsey, J. Mol. Spectroasc. 113 (1985)
495.

J. J. Tiee, F. B. Wampler, and W. W. Rice Jr., Chem. Phys.
Lett. 73 (1980) 519.
S. Koda, Chem. Lett. 1 (1980) §57.
T. Hikida, T. Tozawa, aﬁd Y. Mori, Chem. Phys. Lett. 70
(1980) 579.
S. E. Bialkowski, D. S. King, and J. C. Stephenson, J. Chem.
Phya. 71 (1979) 4010.

C. W. Mathews, Can. J. Phys. 435 (1967) 233585.

D. S. King, P. K. Schenck, and J. C. Stephenson, J. Mol.
Spectrosc. 78 (1979) 1.

V. E. Bondybey and J. H. Englieh, J. Mol. Spectrosc. 68
(1977) 8a9.

M. B. Robin, Higher Excited States of Polyastomic Molecules,
Academic Press, Orlando, 1985.

.. C. Lee, J. Chem. Phys. 72 (1980) 4334.

M. Suto, X. Wang and L. C. Lee, J. Chem. Phys. in press.

A. J. Merer and R. S. Mulliken, Chem. Rev. 69 (1969) 63S9.

J. D. Scott and B. R. Russel, J. Amer. Chem. Soc. 94 (1972)

2634.

10




l6.

17.

18.

19,

20.

R. F. Lake and H. Thompson, Proc. Roay.
(1970) 323.
M. J. Coggiola, W. M. Flicker, Q. A.

Kuppermann, J. Chem. Phys. 65 (1976) 2655.
G. J. Verhaart and H. H. Brongerama, Chem.
431.

P. A. Evastov and V. P. Kolesav, IJ. Chem.
(1982) 103.

S. G. Lias, Z. Karpas, J. F. Liebman,

(1985) 6083,

11

J. Amer.

Soc. Lond. A315
Mohser, and A.
Phyg. 52 (1980)

Thermodynamics 14

Chem Soc. 107




Fig. 1.
Fig. 2.
Fig. 3.
Fig. 4.

FIGURE CAPTIONS

Photoabsorption and fluorescence cross sections of
C2F3Cl in the 106-230 nm region in units of Mb(1i0-18
cm2), The wavelength positions of the V <« N transi-

tion and the Rydberg series assigned by Scott and

Russel are indicated.

Fluoreascence quantum yield in the 106-175 nm region.
The dashed line represents an average value.
Fluorescence epectra produced by photoexcitation of
C2F3Cl1l at 155 nm. (a) Pure C2F3Cl of 80 wmtorr and (hbh)
1 atmosphere Ar was added to (a). The ﬁonochromator
resolution was 4 nm. The fluorescence spectrum is
identified to be the CFCl(K—%) system.

Fluoregscence spectrum produced by photoexcitation of 80
mtorr C2F3Cl at 123.9 nm. The monochromator resolution

wasg 4 nm.
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